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Abstract 
 
Aquatic centres are popular recreational and sports facilities in Australia. An 
upsurge in the use of aquatic centres has seen such multipurpose indoor 
recreational facilities become focal points for community interaction. Around 
1900 aquatic centres in Australia attract approximately 263 million visits per 
year, with 64% of Australians aged 15 and over participating there in physical 
activities for recreation or exercise. Aquatic centres accommodate a number 
of facilities such as swimming pools, gymnasiums, fitness centres, sports hall, 
cafés, crèche and offices which are distinct in their functional requirements. 
They have high-energy intensity and this presents a great challenge in terms 
of new construction and renovation. However, environmental design 
standards for aquatic centres have generally been overlooked due to the 
complex nature of these buildings. Currently there are no benchmark 
standards for aquatic centres in Australia, where as benchmarks for other 
building types such as offices, shopping centres, hotels and data centres are 
established leading to the development of national rating systems. This paper 
investigates the energy performance of aquatic centres in Victoria and 
discusses methodologies adopted to understand the inter-relationships 
between various factors that contribute to increased energy consumption in 
these buildings. The main aim is to identify the key factors contributing to high 
energy consumption of these buildings in order to develop new knowledge 
with respect to energy and indoor environmental quality 
 
Keywords : Aquatic centres, benchmarking, energy consumption, indoor 
environmental quality  
 
1 Introduction 
 
Aquatic centres are popular recreational and sports facilities in Australia. An 
upsurge in the use of aquatic centres has seen such multipurpose indoor 
recreational facilities become focal points for community interaction. Around 
1900 aquatic centres in Australia attract approximately 263 million visits per 
year, with 64% of Australians aged 15 and over participating there in physical 
activities for recreation or exercise (Australian Bureau of Statistics, 2011). 
Moreover, aquatic centres employ 50,000 staff and their yearly revenues are 
estimated to be more than A$1.3 billion (Sydney Water Co-operation, 2011). 
The energy cost for an aquatic centre varies from A$ 200,000 to $ 450,000 
which is up to 30% of the total operating cost. Aquatic centres accommodate 
a number of facilities such as swimming pools, gymnasiums, fitness centres, 
sports hall, cafés, crèche and offices which are distinct in their functional 
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requirements. They have high-energy intensity and this presents a great 
challenge in terms of new construction and renovation. 
 
During the early 1970’s, Australian state and local governments were 
engaged in large programmes to introduce new sports and aquatic facilities 
with emphasis on indoor provision. Many of these facilities are lacking integral 
environmental design strategies and have therefore large carbon footprint. 
Due to the age of the existing building stock, a large number of the aquatic 
centres are about to be refurbished. Victoria has the largest number of indoor 
centres due to the cold outdoor weather conditions as there is a need to 
enclose water bodies to promote year round usage. Other states with sub-
tropical/tropical climates have traditionally utilised open air infrastructure or 
interactive spray parks and play spaces to take advantage of the warmer 
climate. In recent years of drought, the focus in Victoria was on water saving 
measures and energy was disregarded. Environmental design standards for 
aquatic centres have generally been overlooked due to the complex nature of 
these buildings. As a result, this sector suffers from a general lack of both 
qualitative and quantitative information and benchmarking. In order to identify 
opportunities for energy conservation and further improvement of indoor 
environmental quality, the first key step is to compare the performance of 
aquatic centres to establish benchmark data and best practice.  
 
While there is extensive research and benchmarking conducted in UK and 
US, the concept of energy benchmarking and measurement is relatively 
nascent for aquatic centres in Australia. The Architects and designers feel that 
‘as built’ performance is not often compared against the design intend. 
Moreover, many of the facilities are managed by untrained junior staff who 
have very limited understanding about the relationship between various 
systems.  Sophisticated BMS systems are seldom used as the staff are not 
properly trained. This paper discusses a methodology that can be adopted to 
understand the inter-relationships between various factors that contribute to 
increased energy consumption in these buildings and to develop new 
knowledge with respect to energy and indoor environmental quality.  
 
2. Aquatic Facilities in Australia 
 
Sports and physical recreation as well as attending sports events as 
spectators have been one of the integral features of the Australian lifestyle. 
The majority of Australian sports centres are owned by the local government. 
At the end of June 2005, there were 9,256 organisations operating in Australia 
whose main activity was the provision of sports and physical recreation 
services. This included 600 government organisations. The number of fitness 
centres increased from 667 in 2000-01 to 824 in 2004-05 - an increase of 
24% (Australian Bureau of Statistics, 2005). Victoria has in excess of 500 
aquatic facilities with 277 (55%) belonging to local government. The remaining 
233 (45%) include private swim schools and educational institutions (ARV 
Industry database, 2009). In Western Australia there are 120 public aquatic 
centres that provide significant benefit in terms of community development, 
sport, recreation, health and fitness. Total annual expenditure in aquatic 
centres is estimated to be A$ 57,989,307 (Leaversuch and Gibbs, 2010). 
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Figure 1 shows a mapping of approximately 200 aquatic centres in Victoria. A 
large concentration of centres can be observed in the metropolitan Melbourne 
area, north of Victoria, and south east of Victoria. 
 
 
 
Figure 1: Location of aquatic centres in Victoria 
 
Aquatic centres comprise of many functional areas, which makes it necessary 
to define a clear boundary of what is included in the energy analysis. 
Swimming pool, sports hall and fitness centres cover majority of the floor 
area. Indoor pools attract considerably higher visits (over 300,000 visits per 
year) compared to outdoor-only centres (53,000 visits per year). The energy 
consumption of an indoor swimming pool is about three times higher than an 
outdoor one with the same size. However, recent studies indicate that, for 
improved financial viability and higher participation rate, decision makers 
involved in the planning of public aquatic centres should aim to include multi-
purpose facilities with indoor pools and minimise facilities with outdoor pools 
(Howat et al., 2005).  
 
3 Benchmarking 
 
Energy benchmarking tools provide a comparative evaluation of the energy 
performance of an existing building compared to similar buildings. 
Benchmarking allows comparison of buildings of similar function and 
characteristics. This helps to have a deeper understanding of energy needs 
which helps facility managers to determine their building’s relative 
performance in comparison to their peers and identify potential for 
improvements. This section discusses some of the previous studies used to 
benchmark energy consumption, and the methodologies they have adopted. 
 
There are standardised methodologies used in benchmarking energy 
efficiency in buildings. The most commonly used energy benchmarking 
approaches include averages, medians, simple ranking and normalized 
ranking (Sharp, 1996). However, some researchers have introduced 
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alterations to accommodate special cases. Averages are the most 
straightforward benchmarks allowing quick comparisons between similar 
buildings with respect to energy efficiency. Using averages for benchmarking 
should be considered carefully, since individual buildings with excessive 
energy intensity such as data centres in an office building can result in 
significantly high averages. Medians are less sensitive to extremes, but like 
averages, information conveyed by such a benchmark is rather limited. 
Benchmarking based on normalized ranking by taking into account the 
difference in functional and operational features is a more robust method. 
Energy Usage Intensity (EUI) in kWh/m2/year is the most commonly used 
indicator for benchmarking. Some researchers have used regression models 
to benchmark energy and CO2 emission for various building types such as 
schools, supermarkets and hotel buildings. Sharp (1998) used stepwise 
regression model analysis to investigate the key driver of energy consumption 
in 449 schools in US based on data retrieved from Commercial Building 
Energy Consumption Survey. The study also developed a predictive model 
and a spread sheet tool to evaluate the energy performance of individual 
schools that accounts for the important secondary characteristics. Chung et 
al. (2006) derived a statistical method for benchmarking energy using data 
collected from 30 supermarkets in Hong Kong. The study asserted that the 
sample size is sufficient regardless of the shape of the population. Wu et al. 
(2010) used a similar approach regression model on benchmarking energy 
and CO2 emissions for 29 hotels in Singapore. 
 
4 Proposed Methodology 
 
The methodology is described in this section involves whole building energy 
benchmarking, sub-metering and measurement of IEQ (Figure 2). Five 
aquatic centres located at different geographic locations within and outside 
Victoria are selected as case study buildings. Figure 3 shows the floor plan 
and view of swimming hall in one of the facilities under study.  
 
 
 
 
 
 
 
 
 
Figure 2: Methodological approach 
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Figure 3: Floor plan and view of the swimming hall 
 
 
4.1 Energy Usage  
 
By analysing the data regarding the physical and occupancy characteristics 
and energy consumption, the inter-relationship between numerous factors that 
contribute to the energy consumption of these facilities can be understood. 
The total building energy consumption collected from the utility bills of each 
building needs to be normalized for the effects of primary factors and 
secondary factors. Energy Usage Intensity (EUI) can be obtained by dividing 
the total delivered energy with the gross floor area. The potential secondary 
energy drivers include both physical and operational aspects. Some of these 
variables are number of visitors, area and volume of swimming pool, area of 
pool hall. Most of the centres use electricity and gas as the main energy 
sources. Electricity is mainly used for lighting, gym equipment, pumps, fans 
etc. Gas is used for space heating, pool heating, and sometimes for cooking 
in cafes. The average proportion of gas and electricity is around 75% and 
25% respectively. Trianti-Stourna et al., (1998) note that the typical energy 
consumption of pool facilities is made up of 45% for space heating(ventilation 
included), 33% for water heating, 10% heating and ventilation of the 
remainder of the building, 9% electricity for power equipment and lighting, and 
3% for hot water services. 
 
The method used to heat pool water is an important consideration. The 
different options include electric resistance, electric heat pumps, gas fired 
boilers, solar thermal and cogeneration. Electric resistance heaters are the 
most expensive to operate.  Though solar thermal may not eliminate the need 
for a heater, they are the most cost effective system in Victoria, where the 
solar energy is abundant. The collector area need to be anywhere from 50-
100%. The utilization of solar heating for swimming pool has been of 
considerable interest for researchers for both outdoor and indoor pools. 
Thermal solar panels or collectors and heat pumps are the most promising 
systems for water and air heating (Tagliafico et al., 2012). Cogeneration 
system operates by the principle that it uses a relatively low cost fuel (usually 
gas) to generate both heat for the pool and electricity for lighting and pool 
pumps. These units are expensive to purchase and maintain, and can be 
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costly to install, depending on the location of the incoming power supply and 
the pool circulating system. Selecting a heating system that will cater for such 
differing comfort needs is a complex task. Table 1 shows the different energy 
sources used to heat the swimming pool in aquatic centers as well as the 
advantages and disadvantages of each of them.  
 
Table 1:  Various methods used for heating swimming pool 
Aquatic 
centres 
Type of heating Advantages disadvantages 
Building 1, 
Building 4 
gas boilers Ideal for quick 
heating, maintain any 
desired temperature 
regardless of the 
weather or climate. 
Require heat 
exchanger, 
control valve and 
pumps 
Building 3 Electric Heat pumps High Coefficient of 
performance (COP) 
Expensive to 
purchase 
 Solar environmentally 
friendly, 
offering large energy 
savings  
Not much impact 
in winter 
Building 2 
Building 5 
Cogeneration Depends on good 
gas price with 
respect to electricity 
High installation 
and maintenance 
cost 
 
4.2 Investigation of sub-systems 
 
System-wise investigation of energy consumption is required to examine the 
energy required for each of the sub system. This will help to benchmark the 
sub-systems and identify the inefficiency in each of the sub-systems. 
Investigation of the individual system requires installation of sub-meters to 
collect specific data. It is unjustifiable, from an economic standpoint, to 
measure every component. The metering results need to be partitioned into 
building operational schedules. Peak loads (kW) and energy waste need to be 
identified. Discrepancies in operation leading to equipment failures, 
scheduling, and lack of control need to be targeted.   
 
Audits conducted in similar building types in other climatic zones showed that 
space heating and pool water heating constitute 20-30% each of the gas 
consumption. In addition, transmission losses also constitute a significant 
proportion of the gas consumption. Majority of the electricity consumption is 
for pumps and fans. Figure 4 shows the daily distribution of energy in terms of 
pumps mechanical and ‘other’ (gym equipment, air conditioning and GPOs) 
for one of the centers. The readings shown are 30 minutes reading on a 
wednesday in March. It can be seen that during the peak hours, pump, 
mechanical and other equipment constitute one third of the total energy each. 
However during the night time, when the centre is not in operation, there is no 
significant reduction in the pump energy. There are two 11 kW pumps for the 
main pool, two 5.5 KW pumps for the leisure pool and one 2.45 kW pump for 
the spa pool. The operating schedule of these pumps need to be further 
investigated to understand the energy saving potential.   
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Figure 4: Energy use by sub-systems 
 
 
4.3 Indoor Environmental Quality  
 
In order to understand the relationship between indoor environmental quality 
(IEQ) and energy consumption, IEQ parameters such as, thermal comfort, 
fresh air and CO2 need to be studied. The ventilation system is normally the 
primary (or only) means of: controlling the pool hall air quality, temperature 
and humidity so as to reduce evaporation from the pool and prevent 
condensation (and, potentially, corrosion damage), maintaining comfortable 
environmental conditions for different occupants and removing chlorine and 
other contaminants from the air. 
 
4.3.1 Thermal comfort 
 
Pool water evaporation increases the load for water heating to overcome the 
cooling effects caused by latent heat losses. In addition, the evaporated water 
increases indoor humidity level that needs to be controlled by increased 
ventilation rates. If the indoor temperature is much higher than the water 
temperature, there can be complaints that the water temperature is too low. 
This may also lead to higher evaporation rates. The temperature of the air and 
the water need to be linked and balanced, so as to achieve the right humidity, 
optimise user comfort and minimise evaporation from the pool water. Ma et al. 
(2006) suggest that a temperature difference of 1-2°C between the water and 
the above air is suitable. Pools need large amounts of outside air to offset the 
amount of water in the atmosphere.  
 
As per Australian standards (2002), indoor dry bulb temperature should be 
maintained within 22.5 and 25.5 degree C, and the average relative humidity 
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should not exceed 70% for any building when the air-conditioning system is in 
operation. Table 2 shows the recommended indoor environmental conditions 
as per pool operators’ handbook (2000) and Australian Standards (2002). The 
comfort levels of the pool halls were generally observed to be on the hotter 
side.  Higher temperatures may prove to be quite acceptable and expected by 
the occupants after exiting the pool as they are wet and with less clothing. 
They will also experience evaporation as they dry, which gives a cooling 
effect. In addition, the activity level may be significantly reduced after 
swimming and this will drop the comfort level towards a neutral temperature. 
 
Table 2: Recommended Indoor Environmental Conditions for Swimming 
Pool 
 
Air 
temperature 
Humidity Pool Water 
temperature 
(°C) 
Ventilation (l/s) Lighting levels (lux) 
 
27°C in the 
pool hall, not 
more than 
29°C 
 
 
50%-60% 26 – 30 for 
lap pools 
 
28 -32 for 
leisure pools 
 
 
10 l/s for sports hall 
 
10 l/s for pool and 
deck areas 
 
15 l/s for spa and 
hydrotherapy 
300 for recreation and 
training 
 
500 for competition 
 
600 for international, 
national or state 
competition 
 
4.3.2 Pool air/water quality and ventilation 
 
Poor air quality in indoor swimming pools has a negative impact on the health 
of swimmers, coaches and pool workers and this can lead to respiratory 
problems. Facility staff and visitors are susceptible to the range of potential 
health effects of poor indoor air quality, including asthma and other respiratory 
health problems, cancer, and reproductive and developmental impairment. 
Fluctuation of relative humidity levels can be an even greater concern as 
relative humidity levels outside the range can result in increased human 
susceptibility to disease from bacteria, viruses, fungi and other contaminants 
and potentially lead to respiratory problems (Baxter, 2012).   
 
Extensive water features will cause more evaporation causing more air 
change rates. The constant presence of moisture on the glass and steel 
structure can lead to corrosion, shortening the lifespan of the facility and 
ultimately becoming dangerous. The air circulation system should be able to 
distribute the air effectively over the whole of the pool hall area in order to 
eliminate any chlorine odours and risk of condensation and uncomfortable 
drafts. The smell of chlorine, high humidity, and CO2 levels is a common 
symptom of Aquatic Centres. Furthermore, condensation onto large glazed 
surfaces in several designs promoting the growth of mould is also not 
uncommon. 
 
ASHRAE Standard 62 - 2007: Ventilation For Acceptable Indoor Air Quality 
requires a minimum outdoor air rate of 480 l/s per sq. ft based on the area of 
the pool and deck, and a minimum outdoor air rate of 8000 l/s person based 
on occupancy for spectator areas (when spectators are present). The 
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Standard also states that higher rates may be required for humidity control. 
The ASHRAE HVAC Systems and Applications Handbook also recommends 
4 to 6 air changes per hour (ACH) for therapeutic pools and pools with no 
spectator facilities, and 6 to 8 ACH for pools with spectator areas. Currently, 
there are no regulations for air quality in swimming pools (Jacob et al., 2007).  
 
The chlorine used to disinfect swimming pools combines with nitrogen 
compounds from swimmers in the form of perspiration, urine, and fecal 
matter. This forms the disinfection by-products, chloramines. There are 
several types of chloramines: monochloramine, dichloramine and 
trichloroamine. Trichloroamine (NCL3) is the main chloramine found in the air 
above chlorinated pools. It is more volatile and thus more readily released into 
the air than the other chloramines producing a powerful odour. It is a strong 
irritant on the skin, eyes, nose and throat. In addition to causing breathing 
problems, chloramines are poor disinfectants (CTDPH, 2011). 
 
It is to be noted that the air quality in the pool area has a direct influence on 
the water quality. The direction of the supply air distribution is very important. 
Chloramines and other chlorination by-products may be eliminated by forcing 
fresh air over the surface of the pool. A statistically significant association was 
observed between chloramine levels and the number of swimmers, free 
chlorine concentration in pool water and ceiling height, probably a simple 
indication of the volume of air above the pool (Jacobs, et al.2007). It is 
important that the pool hall achieves required air exchange rate and the air is 
distributed well. Air exchange rate needs to be considered carefully. It 
includes infiltration, exfiltration, natural ventilation, and mechanical ventilation. 
 
Air quality is a function of water temperature, area volume and quality of 
water, volume of pool hall, bather loads, and water features causing aeration 
and agitation and associated evaporation rates. A detailed study of the 
relationship between ventilation rates, energy consumption and Indoor air 
quality will help to develop a model which can determine the optimum 
ventilation rates. 
 
4.3.2 Occupant survey 
 
A questionnaire survey will help to record the subjective response from the 
occupants and understand how they perceive the IEQ of the space. There is 
very little published data on the occupants’ requirements in terms of IEQ 
parameters. It will be interesting to find out the different perception from staff, 
swimmers and spectators as they will be involved in totally different activities. 
Perceived environmental conditions such as unpleasant temperature, 
insufficient ventilation, discomfort due to the presence of chemicals and/or 
chlorine in the air, too high humidity etc. will be correlated with the objective 
measurements undertaken. 
 
6 Conclusion 
 
Aquatic Centres, because of their complex nature, use vast amount of energy. 
Environmental design standards for aquatic centres have generally been 
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overlooked due to the complex nature of these buildings. In order to identify 
opportunities for energy conservation and further improvement of indoor 
environmental quality, the first key step is to compare the performance of 
aquatic centres to establish benchmark data and best practice. This study 
discussed a methodology adopted to understand the inter-relationships 
between various factors that contribute to increased energy consumption in 
these buildings. The evaluation process is centered on total energy 
benchmarking, followed by sub-metering and subsequent objective and 
subjective measurement of IEQ. Five selected buildings will be studied in 
detail using this methodology. The final outcomes of this study will be used in 
managing aquatic centers in Australia. This study has arisen from the need of 
managers and designers of large aquatic and recreation facilities to minimise 
energy usage and expenditure. The findings will be translated into operational 
and building design practices promoted by Aquatic and Recreation Victoria 
(ARV) that will, over time, contribute to local government’s reduction of energy 
usage and hence greenhouse gas emissions. The final outcomes will be 
incorporated into existing building design practices and operations 
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